Abstract The precipitation-decomposition method was used to prepare the photocatalyst (Sm-ZnO-Ag). Synthesized catalyst was characterized by X-ray diffraction, field emission scanning electron microscope images, and optical spectroscopy. The activity of photocatalyst of Sm-ZnOAg was checked for the photodegradation of thiazin-type methylene blue (MB) dye in aqueous solution using light emitting diodes/solar illumination. Sm-ZnO-Ag is found to be excellent competent than Ag-ZnO, Sm-ZnO and ZnO nanoparticles. The absorbance of ZnO was shifted into the visible region by the dopants (Ag and Sm). The influences of operational parameters such as initial pH, dose of photocatalyst and dye concentration on photomineralization of MB have been analyzed. Sunlight (16 min) gives excellent results in photocatalytic degradation compared to LED (80 min). The microbial zones of Sm-ZnO-Ag (Nps) showed free radical generation. The Sm-ZnO-Ag catalyst is stable and it's reusable. A degradation mechanism is proposed for the photodegradation of MB under LED/solar light.
Introduction
Pollution occurs from various factors, one of them being from water which plays a vital role in our day to day life. 90% of the world is surrounded by water and is the most important source for survival of all living organisms. It is also required for industrial, agricultural and domestic sectors. This polluted water consists of a large number of toxic chemicals such as solvent, dyes, pesticides polychlorinated biphenyls (PCB), chlorophenol, heavy metals, arsenic and asbestos [1, 2] . A dye containing waste water is released from industries, especially from fabrics, leather industries, etc. This contains many non-reactive raw materials such as organic amines, inorganic and organometallic substances, and dissipates solvents which are found in different concentrations, and this water then becomes unusable. Once the dyes are decomposed, that water can be utilized for other purposes. If any living being use this polluted water, it would lead to severe harm. The adverse effects are broad-ranging immune suppression, behavioral problems, tissue necrosis infection of skin and eyes, breath problems, CNS dissolves and all organic reactions [3] Dyes not only damage the human life, but also the aquatic life [4, 5] . It does not decompose in water, because of their complicated chemical composition [6] .They are resistant to biodegradation [7, 8] . There are numerous methods which are used to remove the dyes from water, among this oxidation process is an important one. It degrades the dyes with the help of HO
• radical [9] , but this method requires eminent energy light irradiation source (UV light) and on oxidant. The process which is currently available till now is UV/ H 2 O 2 , UV/Ozone, UV/Fenton reagent, and UV/semiconductor [10] .
Currently, photocatalytic degradation is an advanced method in the existence of natural solar light or mercury vapor lamp [11, 12] , as they are an efficient light source for photodegradation. LED can emit light at different wavelengths based on semiconductor material. It contains monochromatic light and it can be used for higher brightness and single color radiation. It is non-toxic and environmentally friendly. LEDs are far more efficient than incandescent lamps at converting electricity into visible light while being robust and small. It is a very good alternative for UV traditional. The highest amount of light generated by most LEDs is around its peak wavelength [13, 14] . ZnO Nps play a vital role because the degradation is much more powerful on toxic chemicals. ZnO Nps absorb the UV light approximately of wavelength 385 nm. The wavelength of the visible light is between 400 and 700 nm. Moreover, ZnO Nps shows quick reunion of photo-induced electrons and holes which reduces the catalytic activity. So catalyst needs to be improved by the addition of dopants. From the conduction band, these dopants on a catalytic surface can efficiently capture the electrons. Therefore, ZnO Nps should be a promising alternative for TiO 2 in photocatalysis [15] [16] [17] [18] [19] [20] .
Recently, two different atoms were doped into catalytic semiconductor, which gives an excellent photocatalytic activity better than a single dopant into the semiconductor oxides such as Ag ? and La 3? [21] . Among the other lanthanides, [22] Sm-doped ZnO has excellent activity due to Sm 3? /Sm 2? redox couple. The doping of transition and rare earth ions on the ZnO produces impure energy levels in band gap and spread out its visible light response; furthermore, it produces traps for photogenerated charge carriers, therefore, accelerating the interfacial charge transfer and inhibiting the recombination of electron-hole pairs [23, 24] . Similar activity is observed in Ce [25] , Zr [26] Co doped with Ag-ZnO nanoparticles showed the excellent photocatalytic activity for the degradation of dyestuffs. This study shows precipitation-decomposition method for the synthesis of Sm-ZnO-Ag nano-photocatalysts. These materials demonstrate the catalytic activity and its stability for photodegradation of methylene blue with LED/sunlight illumination, among this a possible mechanisms of photodegradation has been described.
Experimental Materials and methods
All the reagents taken in this work are of AR grade and used as it is. The commercial thiazin dye, methylene blue (MB), obtained (molecular formula = C 16 ) mixture with constant agitation (pH = 5-6), and then warmed for 1 h at 70°C. The precipitated solution was cooled down to 30°C. A homogeneous precipitate of Sm and Ag-ZnC 2 O 4 was obtained. The distilled water was used to wash the formed precipitate Sm and Ag-zinc oxalate precipitate several times and air-dried for minimum 12 h. Then the precipitate was dried at 100°C for 5 h. The muffle furnace was used in the calcination process to reach decomposition temperature 450°C at the rate of 10°C min. The muffle furnace was cooled to room temperature after 10 h. Then, a complete analysis of Sm-ZnO-Ag Nps was done. The prepared catalyst was 8 wt% of Sm. The same procedure was followed to prepare catalyst with 2 and 4 wt% of Sm. The bare ZnO and sliver-doped ZnO were obtained by the above procedure with necessary chemicals.
Analytical methods
Powder X-ray diffraction pattern was obtained using an X'Pert PRO diffractometer equipped with Cu-Ka radiation (wavelength = 1.5406 Å ) at 2.2 kW (max); peak positions were compared with standard files to identify the crystalline phases. The morphology of the samples was examined using a JEOL JSM-6701F field emission scanning electron microscope (FE-SEM). Before FE-SEM measurements, the samples were mounted on a gold platform placed in the scanning electron microscope for subsequent analysis at various magnifications, equipped with OXFORD, energy dispersive X-ray microanalysis (EDS). Room temperature PL was recorded with a Horiba JobinYvon, SPEX-SF13-11 spectrofluorometer using 450 nm excitation from xenon lamp. UV-Visible absorbance and diffuse reflectance spectra were recorded in Shimadzu, (UV 2450) double-beam spectrophotometer, equipped with integrating sphere attachment (ISR-2200) using BaSO 4 as the reference. Emission spectra were recorded on Spex FluoroLog-3 spectrofluorometer (JobinYvon Inc.) using 450 W xenon lamp. Time-resolved fluorescence decay measurements were carried out using nano-LED (k exc = 295 nm).
Photodegradation experiments and antimicrobial studies
A photochemical reactor model of (50 9 25) (height 9 diameter) 60 mL capacity was used for the reaction (model in S6) in this study. The catalyst was magnetically stirred without light for 30 min to reach adsorption-desorption balance between the MB and Sm-ZnO-Ag Nps [50 mL of MB (10
The calculated amount of photocatalyst was stirred for 30 min without light prior to illumination to obtain maximum adsorption of dye onto the catalytic surface. No volatility of the solvent was seen during illumination; a sample without light adsorption was collected. In photochemical reactor, reaction mixture of 50 mL was taken and irradiated with LEDs (UVLEDs) trip peak having 6 W output power and maximum relative intensity of wavelength of 375 nm for each LED, totally 5 sets of photocatalytic reactors, each reactor having 20 LEDs [27, 28] and solar light. At regular time gaps, 3 mL of the degraded sample was taken out and centrifuged to remove the catalyst for further analysis. The same condition was used for solar light (LT Lutron LX-10/A Digital Lux meter and the intensity was 1250 9 100 ± 100 lx-model in S7) degradation of MB, the solar light intensity was nearly constant during the experiments done at day time 11 A.M-3 P.M (Tamilnadu, India) [27] .
Antibacterial and antifungal assessment

Culture and inoculums
Standard bacterial and fungal cultures, Escherichia coli, Enterococcus faecium, Pseudomonas aeruginosa, Aspergillus niger and Fusarium oxysporum were procured from Nehru Memorial College, Tamil Nadu, India. The bacterial and fungal cultures were subcultured to check their purity and a single colony was inoculated in 50 ml of nutrient and potato dextrose broth, incubated overnight at 30°C for further studies [29] .
Agar diffusion method
The gel diffusion method was used for anti-fungal and bacterial studies. Nutrient broth and potato dextrose broth were affixed with actively growing 100 ml of culture and then allowed it to solidify. Afterwards that, making a well with the help of cork borer. 100 ml of aliquots of 5 mg/ml dispersed doped and undoped ZnO was inoculated into the well and allowed it to incubate for 48 h incubation period at 300°C. A zone of clearance around the well was observed for further studies. The diameter against the microbes was determined for all microbes in a similar manner. Average values ensure the reliability of the result.
Results and discussion XRD analysis Figure 1 shows that the X-ray diffraction patterns of synthesized photocatalyst are showed in a hexagonal wurtzite structure. It is indicated beside the synthesized product from ZnO peaks. For the bare ZnO, we obtained wurtzite ZnO structure of plane (100) [30] . The middling sizes of crystals (D) of all catalyst are calculated by plane (101) peak value using Scherrer equation D = 0.89k/(bcosh), here k is the wavelength of the incident X-ray radiation, b is the full width at half maximum and h is the Bragg angle [31] . The pure ZnO Nps crystalline size is more than the Ag-doped ZnO and Sm-ZnO-Ag [32] .
FE-SEM analysis
The important and foremost components of characterization are studying the surface morphologies of the synthesized catalyst products. The surface morphology of 8% of SmZnO-Ag studied by FE-SEM images is taken at lower and higher magnifications with various places as showed hexagonal structure is clearly shown at higher magnification (500 nm) of ZnO Nps (Fig. 2) . The hexagonal structure is clearly shown at higher magnification (500 nm) of ZnO Nps. The arrow mark indicates the presence of Sm at lower magnification at three different locations (1, 3 and 5 lm). Sm particles are highly spread over the surface of photocatalyst, similar morphology also observed in 2% and 4% Sm-ZnOAg catalyst. EDAX helped to show the elements present in the synthesized catalysts Sm, Ag, Zn and O (Fig. 3) .
The diffuse reflectance spectra
The DRS of bare, Ag-ZnO and Sm-ZnO-Ag are shown in Fig. 4 Sm shifts to the visible region because of the comportment of the dopants Sm and Ag. The absorbance of ZnO shifts to visible region by dopant Sm. The codopants (Ag and Sm) improve the visible light absorbance of ZnO. We could note that Sm-ZnO-Ag is greater than 400 nm (visible region) and that is proved to be greater than pure ZnO. We could observe a slight red shift when compared to pure ZnO Nps; the similar results are absorbed in absorbance spectroscopy (Fig S4) . The obtained red shift clearly shows that the sharper band gap is formed, and from Sm ion 4f level to ZnO valence or conduction band there is a charge transfer spectra. The band gap energies are computed by the plot of the customized Kubelka-Munk function (Eq. 1) [F(R)E] 1/2 vs the energy of the absorbed light E and shown in Fig. 5 .
The measured band gap is lower than the bare ZnO Nps. The band gap of Sm-ZnO-Ag Nps is 3.02 eV, whereas for bare ZnO Nps is 3.2 eV.
Photoluminescence spectra
Photogenerated electron and the constitution of a hole in a semiconductor can be studied by PL spectrum. The emission is obtained from the regathering of free charge carriers. If the intensity of PL decreases the electron-hole regathering rate also decreases and in turn increases the photocatalytic activity. Figure 6 shows the PL spectra of the synthesized products. Bare ZnO Nps has higher PL intensity and it decreases from Ag-ZnO Nps to 8% SmZnO-Ag Nps. Bare ZnO Nps gives two emissions at 407 Fig. 6 Photoluminescence spectra of bare ZnO, Ag-ZnO, 4% SmZnO-Ag, and 8% Sm-ZnO-Ag Nps and 537 nm. The doping of Ag and Sm does not change the emission peak, but the PL luminance intensity decreases. As the dopant concentrate increases, the surface barrier becomes higher and the region space charge becomes narrower [32] . Figure S5 displays life time decays of ZnO bare and Sm-ZnO-Ag Nps. This life time decay shows the participation of equilibrated excited states accountable for emission. The photogenerated charge carriers could be comfortable to the deep-trap levels related to the oxygen vacancies of the nanostructure and as a result reunite radiatively with a much longer lifetime of Sm-ZnO-Ag Nps (Table 1) . Therefore, Sm-ZnO-Ag is expected to exhibit higher photocatalytic activity compared to Ag-ZnO and Sm-ZnO Nps.
Photodegradability of MB
The photodegradability of MB with the various photocatalysts using LED irradiation is shown in Fig. 7 . 8% SmZnO-Ag shows excellent and maximum degradation of dyes using LED within 80 min.
In the absence of LED, only a 10.1% decrease in dye concentration is observed in same circumstance and in the same catalyst. Very low degradation of 0.2% obtained in the absence of catalyst with LED. The adsorption principle played a vital role in this degradation. From the above discussion, for complete and effective degradation, we confirm both catalyst and LED light as mandatory. When the photocatalysts, such as Ag-ZnO, 8% Sm-ZnO-Ag, 4% Sm-ZnO-Ag, 2% Sm-ZnO-Ag, and bare ZnO Nps were used under the same conditions, 75.4, 96.9, 92.3, 86.436, and 69.62% of degradations occurred, respectively (Fig. 8) . From this, we can conclude that 8% Sm-ZnO-Ag Nps is more efficient competent when compared to related catalysts in MB degradation.
Influence of operational parameters
Effect of solution pH
The dye was adsorbed on the surface of the catalyst for the photodegradation and it is influenced by pH of the solution, hence pH plays an important role in photodegradation ( Fig. 9 and S2 ). The MB degradation increased (10.1-96.21%) when the pH was raised linearly from lower to higher (3) (4) (5) (6) (7) (8) (9) (10) (11) . The excellent degradation was observed at pH = 11 due to the radical formation, at the acidic pH, the degradation is very less because of dissolution of catalyst. The percentages of degradation of MB at different pH 3, 5, 7, 9 and 11 were found to be 10.1, 16.4, 22.71, 43.21 and 96.21%, respectively, after the adsorption equilibrium (30 min) in all responses. At pH 11, the adsorption and degradation were high. At pH 11, medium Sm-ZnOAg catalyst was negatively charged by means of adsorbed HO 2 ions. The enormous amount of HO 2 ions in the particle surface and in reaction medium helped in for the radical formation HO Á2 [27, 28] .
Effect of catalyst dosage
It is strongly understood that the degradation of dye depends on the catalyst loading in the system. Experiments conducted with various amounts of 8% Sm-ZnO-Ag Nps explained that the photodegradation capacity decreased with an increase in the amount 0.5-2 gL -1 (Figs. 10, S3 ) and then slightly increases at 2.5 gL -1 . The best catalyst loading was found to be 0.5 gL -1 . The increased degradation of dye for 0.5 gL -1 was due to the amount of dye adsorbed on the surface of the catalyst. The decrease in the degradation efficiency of MB for higher yield may be due to dosage effect by the catalyst. Similar results were obtained for photodegradation of dyes by ZnO [29] [30] [31] .
Effect of initial dye concentration
Photodegradation major influence depends on the initial concentration of MB dyes. A photodegradation realized by various initial concentrations of MB with 8% Sm-ZnO-Ag Nps (Figs. 11, S1 ) was investigated. Influence of MB concentration from 0.5 to 2.59 9 10 -5 mol/L (50 mg of catalyst), the photodegradation percentage is 95.23-48.49% it was absorbed at 80 min of irradiation MB dye ! Absorbed by surface of catalyst ! Intermediate pds ! Non -toxic pds:
The hydroxyl radical HO Á was formed over the catalyst surface, and that HO Á radical was responsible for the rate of dye degradation [31] [32] [33] [34] [35] [36] . Moreover, an influence of initial concentration of MB and the pathway length of the photons entering the solution decreases; low yield of HO Á radical also leads to reduced yield of degradation efficiency. , and pH = 11 with ZnO bare and Sm-ZnO-Ag Nps , and irradiation time = 80 min 
Antimicrobial studies
The results of the quantitative antibacterial and antifungal assessment by agar diffusion are shown in Table 2 . It is observed that the size of the inhibition zone is higher in Pseudomonas species. It was found that Enterococcus faecium was significantly affected when comparing with other species. Fusarium oxysporum did not show any sensitivity comparative data with other species mentioned ( Table 2 ). Enterococcus and Pseudomonas sp from bacteria and Aspergillus sp from fungi showed higher inhibition rate at a range of 4 and 8% Sm-ZnO-Ag Nps. Based on its zone formation, which shows that it has more doping (Ag/ Sm), enhances the antibacterial and antifungal activity. However, the organism E. coli showed little difference in its zone of inhibition at 4 and 8% Sm-ZnO-Ag Nps. E. coli showed a negligible response towards the concentration, where a faint zone of inhibition and radical generation was observed. The small size allows the nanoparticles to cross the cell wall of the bacteria disrupting the cell membrane and leading to cell death. Also, the degree of dispersion of nanoparticles in water plays an important role in the antibacterial mechanism, and it increases with decrease in particle size. Therefore, the improved antibacterial properties of the samples with smaller silver content may be recognized to the enlarged surface to volume ratio which provides them better contact with the bacterial cell [29] . Moreover, during the course of the experiment, a very important observation was noted that antibacterial and fungal action was greatly enhanced when they were charged with more than 2% concentration and generation of free radicals although growth on agar plates is a maximum means of observing the antibacterial and fungal properties. Based on its zone diameter, Enterococcus and Pseudomonas sp show a excellent catalyst activity [29, [37] [38] [39] .
Sunlight photodegradation of MB
The irradiation of the MB dye using solar light (everyday 11 A.M.-3 P.M.) was done, and a complete degradation (Fig. 12 ) was obtained within 10 min (video attached in supporting documents) with 8% Sm-ZnO-Ag NPs under solar illumination. The experiments of photodegradability of MB were carried out in same conditions for both sunlight and LED. Sunlight (10 min) gave excellent results in the photocatalytic degradation when compared to LED (80 min). Similarly, solar light photodegradations of Azo dyes were observed in Ce (40 min) [25] Zr (40 min) [26] doped Ag-ZnO. We could observe that of MB 10% MB dye is absorption/desorption occurred in the experiment performed with 8% Sm-ZnO-Ag (without solar light). Just 2% degradation in dye concentration was absorbed when the experiment was performed on solar light (without catalyst). More efficient photodegradation of the MB dye depended on light and catalysts. The photocatalysts bare ZnO, Ag-ZnO, Sm-ZnO-Ag Nps were used under the same conditions, 60, 65.9, 85.3, 91.4, 100% degradations happen (Fig. 13) , respectively. The 8% Sm-ZnO-Ag catalyst is excellent and efficient when compared to related catalyst for photodegradation of MB (Fig. 14) . From this, we can clearly say that the solar degradation is much better than LED degradation. Within 10 min (video is attached in the supporting document), the 
Catalyst reusability
In our studies, we have seen that heterogeneous photocatalyst can be reused and photocatalyst also found to be reusable. An experiment was performed in continuous four cycles for the photodegradation of MB dyes (Fig. 15) under LED/solar light. For the first three runs, we got complete degradation within 80 min, and for the last run, we got 95.6% degradation with the same time. Similar results were found to be in solar degradation [27] . Heterogenous catalyst had no such loss of activity till the 4th run and the photocatalyst was found to be stable and reusable.
Mechanism of photodegradation
A postulated mechanism was proposed for the photodegradation of MB by the synthesized Sm-ZnO-Ag catalysis as shown in Scheme 2. Under the irradiation of MB dye in LED/solar light is to excited the dye molecules and excited catalyst having the electrons were excited to the conduction (CB) band from the valence (VB) band forming a hole in the VB (Eqs. 2-5). The electron holes are combined again to diminish the photocatalytic property of semiconductors. This is the reason why we are using dopants (Sm/Ag) with ZnO catalyst. These dopants help in increasing the photocatalytic properties. The Sm and Ag trap the electron in the conduction band and reduce the recombination of electron-hole pair. Sm 3? doping helps ZnO to act as a strong Lewis acid because of the presence of half-filled 4f orbital which can efficiently capture the electron. Thus, the electron-hole recombination was suppressed. , and pH = 11 with 8% Sm-ZnO-Ag Dye þ hm ! Dye*; ð2Þ 
Dye* þ HO Á ! Non-toxic products þ CO 2 " : ð10Þ
Conclusions
The Sm-ZnO-Ag catalysis was productively synthesized via precipitation-decomposition technique. The elements composition and physical properties (Sm, Ag, ZnO) were studied by FE-SEM, EDS, XRD, DRS, and optical spectra. The absorption peak of ZnO Nps was shifted into the visible region by (Sm and Ag) the dopants; Sm-ZnOAg Nps have inferior reflectance in the visible region compared to ZnO Nps. This lowered reflectance has increased absorption in the visible area. PL spectra proved the inhibition of recombination of electron-hole pair by the dopants Ag and Sm on ZnO Nps. The role of the dopants Ag and Sm 3? was to trap the photoexcited electron by reducing the electron-hole recombination, which increases the photocatalytic properties. 8% SmZnO-Ag Nps shows excellent photocatalytic activity than 4% Sm-ZnO-Ag, 2% Sm-ZnO-Ag, Ag-ZnO, and Bare ZnO Nps for the photodegradation of methylene blue dye under LED light. The optimum pH, catalytic dosage and concentration of dye were found to be 11, 500, and 0.5 9 10 -5 molL -1 , respectively. Light emitting diodes were used to complete the degradation of methylene blue dye. Sunlight showed excellent activity compared to that LED in the photodegration of MB dye. Microbes zone size increased by microorganism growth due to radical (O 2 .2 and HO.) generation effect of Sm-ZnO-Ag Nps. The results were recommended that Sm-ZnO-Ag catalyst can be used efficiently against microbial growth. A clear mechanism was suggested, where Ag and Sm trap the electron. This shows an excellent performance of the photocatalyst. Moreover, Sm-ZnO-Ag was said to be stable.
